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INTRODUCTION
The field of economics of sports has shown how effective traditional economic tools are to analyze sport events. The sports industry has grown and professionalism has increased. This development attracted the attention of academics who started to investigate sport events. More and more papers go beyond studying sport as an industry, but "examine the play of sports as an expression of rational human action subject to the relevant constraints" (Goff & Tollison, 1990, p. 3) . Data sets are increasingly available and allow to investigate individual performances in detail. Compared to other "non-market economic topics", the investigation of sport events has several advantages (see, e.g., Goff & Tollison, 1990) : 1) Reliability of data. Sports data have in general low variable errors. For example, the ranking of a cyclist, his performance in the mountains or the time trials are clearly observable and are free of discrepancies compared to well known and often used traditional economic variables such as GDP or CPI.
2) Availability of data: A huge amount of data is now available. New technologies such as the Internet allow to collect data at lower costs, as many event organizers provide statistical data. The organizers of the Tour de France publicize a huge amount of statistical material on their homepage www.letour.com, covering not only results but also cyclists' profiles which allows to account for the heterogeneity of riders.
Assuming that athletes are homogenous was one of the major shortcomings in previous sport studies. Thus, new data sets allow to take into consideration that athletes have different abilities and physical conditions, different histories of performance, and different cultural backgrounds which could have an impact on their present and future achievements.
3) A Tour de France is close to a field experiment. The race takes place in a controlled environment. All riders perform in the same terrain at the same time with the same outside restrictions such as the weather. Further external influences are controlled by the rules (law) of the event, as they are the same for all riders. Thus, many factors can be held constant and the situation is much like a controlled environment. Even though a cyclist event allows social and economic interactions and is thus less controlled than a laboratory experiment (see Burtless, 1995 about the advantages and problems of randomized field trials), one of the main advantages is that the participation evokes actual and real processes in an environment outside a laboratory setting. Performing well at the Tour de France is important for professional cyclists as their earnings and future value depend on it. Laboratory experiments induce lower economic or financial incentives than a real sport event. They certainly have the great advantage that a specific situation can be designed and thus the variables of interest can be controlled for and manipulated. This allows to reduce causality problems and thus gives sound information not only about the relationship between two variables but also about the direction of the effect. On the other hand, working with some sport data (e.g., performance, ranking as dependent variables) may reduce endogeneity problems arising with other field data.
The economics of sport literature mostly analyses sports such as soccer (e.g., Dobson & Goddard, 2001; Feess & Muehlheusser, 2003; Preston & Szymanski, 2001; Gius & Johnson, 2000; Hoffmann et al., 2002a; Houston & Wilson, 2002; Espitia-Escuer and García-Cebrián, 2004; Torgler, 2004a Torgler, , 2004b Torgler, , 2004c , baseball (e.g., Goff & Tollison, 1990; Jewell et al., 2004; Debrock et al., 2004) , football (e.g., Grier & Tollison, 1994; Hendricks et al., 2003; Einolf, 2004) , basketball (e.g., Kahn & Sherer, 1988 , Grier & Tollison, 1990 Goff & Tollison, 1990; Burdekin & Idson, 1991; McCormick & Tollison, 2001; Yilmaz & Chatterjee, 2000) , golf (e.g., Moy & Liaw, 1998; Shmanske, 2000; Chatterjee et al., 2002) , hockey (e.g., Idson & Kahane, 2000; Kahane, 2001; Curme & Daugherty, 2004 , Gandar, Zuber & Johnson, 2004 or tennis (see, e.g., Hamilton & Romano, 1998; Magnus & Klaassen, 1999) . There is also an increasing interest to investigate the Olympics (see, e.g., Tcha, 2004 , Bernard & Busse 2004 , Hoffman et al., 2002b .
Research papers in economics of sport are predominantly North America oriented (see, e.g., Goff &Tollison, 1990; Kern, 2000; Fort, 2003) . Certainly, American sports events offer a particularly splendid field for empirical studies, thanks to large and very well registered data sets. It is somehow surprising though that economists did not write more papers on other important sport events such as cycling. The Tour de France is one of the most important yearly sports events around the world. People have the possibility to watch athletes performing in a big open "earth stadium" of more than 3'000 km without having to pay for it, an opportunity every year millions of spectators take. The mountain time trial from Bourg- 
THE EVENT: A BRIEF HISTORICAL OVERVIEW
The Tour de France is the world's most important cycling event, where the best athletes participate. Figure 1 presents Figure 1 presents the winners' prize money ratio (in %, winners prize money*100/ total prize money). In general, we observe a relatively high concentration of rewards to the winner of the Tour de France. The structure of the event is close to a winner-take-all market. The winner gets much larger earnings than the "losers". This is in line with the phenomenon of superstars, were a small number of people get enormous amounts of money compared to other athletes (see Rosen, 1981 ) and corresponds to a large number of professional sports and culture markets (see Frank & Cook, 1995) . In 1937 the winner obtained 25% of the total amount of prize money. It is interesting to observe that in the first years of the event the winners obtained a high amount of the total prize money. Recent developments also show a relatively high concentration of prize money to the winner. But for a long period, the amount was never beyond 10% (between 1948 and 1987) . Thus, the development of the winners' ratio over time is close to a U-shaped curve. Calculating the marginal effects is therefore a method to find the quantitative effect a variable has on the cyclists' performances. The marginal effect indicates the change in the share of riders (or the probability of) belonging to a specific ranking level, when the independent variable increases by one unit. However, an ordered probit is a little clumsy as originally we have not many observations in each ranking class. Thus, we also estimated OLS models. This has also the advantage to check the robustness of the results. The ranking classes for the ordered probit has been structured in a similar way for all dependent variables (see Table A1 in the Appendix). In all the estimations we present the marginal effects for the top group (best 25 rankings). In those estimations where all participants are considered, we also report the marginal effects of the lowest group (riders who did not finish the Tour or did not get mountain points). In the ordered probit estimations, a better performance goes in line with a classification in a higher group. On the other hand, the lower the values, the better the individual performance in the OLS estimations.
The individual performance can be modeled in an econometric success function:
, where i catches the different individual riders' characteristics. In the next subsection we will first focus on the independent variables n x x x X ,...,
INDEPENDENT VARIABLES
We include several categories of independent variables: strength, experience, position in the team (team leader), physical condition and cultural background (country/region). This will allow to assume that the contestants are heterogeneous with different cost-of-effort functions. in previous years leads to a better classification in the present).
B) EXPERIENCES:
We will use proxies that measure the experience of a cyclist. First, we consider the number of years an athlete is professional, but instead of using it as a continuous variable, three classes have been formed: 0-5, 6-11-12-16, with 0-5 as reference group 3 .
More experienced professionals are better aware of the possibilities and the dangers in a Tour covering several stages. This may help to optimize their performance. On the other hand, less experienced riders may be less restricted by previous professional experiences, more "hungry" to succeed, and in good physical condition. Thus, the impact of the different dummy variables is not clear (predicted sign OLS and Ordered Probit: +/-).
It may also be relevant to take into consideration previous experience at the Tour de 
D) PHYSICAL PRECONDITION:
The physical preconditions of an athlete are deducted from his height and weight. As both variables are highly correlated (r=0.76), it may be relevant to build a factor that considers both determinants. One possibility is to calculate the body-mass index (BMI) that measures the height/weight ratio (weight in kilograms divided by the square of the height in meters). .
Individuals with a lower BMI may have lower constraints to their performance in an endurance competition. However, this factor does not directly measure the endurance or muscle strength. As the information about height and weight is missing for 8 cyclists, we do not use the BMI in the first estimations (PREDICTED SIGN: OLS: +, Ordered Probit: -, a lower BMI leads to a better performance).
E) REGIONS:
It will be interesting to see whether there are regional differences among cyclists. We classified the riders based on the number of observations in single countries or in regions (see also Appendix Table A1 ). The race being held in France might have a positive influence on the success of a French cyclist. It can be assumed that a strong support by the audience, high outside expectations, being more in the public eye, cultural closeness, being used to perform in such geographic settings, and other home advantages will result in a better performance.
Thus, we will investigate whether a French cyclist (reference group), holding other factors constant, performs better than other athletes. Support for a positive home advantage has been observed in football. Torgler (2004a Torgler ( , 2004c , e.g., found that being a hosting nation in a World Cup has a significant impact on the performances in World Cup tournaments.
However, national identity is less visible in the cycling circuit. As mentioned in Section II cyclists are working for commercially sponsored teams and not national teams. As the Tour de France routes are passing close to the neighboring countries or even cross the border, it will be interesting to observe how these cyclists perform (e.g., Spain, Germany, Italy, Switzerland, Belgium, Luxembourg Table 1 and 2 present the empirical results of the first estimations, which investigate the final ranking as a dependent variable using OLS and ordered probit models. In Table 1 , lower values go in line with a better individual performance. On the other hand, in Table 2 , a higher ranking class is in line with a better performance. We present estimations with robust standard errors and corrected standard error values, clustered over the 21 teams that participated.
EMPIRICAL RESULTS

FINAL RANKING IN THE TOUR DE FRANCE
Clustering allows to take into account team differences. In Table 1 , we also estimate beta or standardized regression coefficients. This allows to compare the magnitude and thus helps to see the relative importance of the used variables. In the first two estimations, only the riders who finished the Tour de France are considered. In a second step, all the participants are included. In the OLS, the ranking has been adapted, taking into account in which stage a rider has given up. The earlier a rider gave up, the lower his output and thus the higher (worse) his final ranking. In the ordered probit estimations, all the riders who gave up the race were classified in the lowest ranking group (see Appendix Table A1 ).
The estimated coefficients are mostly consistent with the hypotheses. Good performances in previous Tours (TOP20) lead to a better performance in the present one. The coefficients in all estimations are highly statistically significant with beta values around -0.20. A higher BMI value leads to a lower performance at the Tour de France. The coefficient is highly statistically significant. Thus, the physical condition of a rider is of relevance and helps to explain his performance. A decrease in the BMI-scale by one unit increases the probability of belonging to the top 25 final riders by more than 3 percentage points and decreases the probability of giving up by 5.3 percentage points.
Interestingly, there is the tendency that differences in experience matter. Younger cyclists (pro 0-5 years, reference group) perform better than the other two groups, especially in comparison with the oldest ones, showing a statistically significant difference in some estimations. On the other hand, the number of previous participations shows the tendency to better performances, with the strongest correlation in those estimations that consider only the riders who finished the Tour (controlling also for the BMI). In general, the results imply that being successful at the Tour requires specific abilities (e.g., good all-rounder). Thus, more experienced professionals have no general comparative advantage. Specific skills seemed to be more important for success than just experience, which allows young cyclists to perform at a high level. Table 1 and 2 indicate that some countries/regions perform better than others. Italy, Spain, Germany, Belgium, Scandinavia, CEE and FSU, USA and riders in the group OTHERS perform better than the reference group (France). However, considering all riders and not just those who finished the race reduces statistically significant differences among the be observed for the nations USA, Spain, Germany and CEE & FSU countries. Being from the USA rather than from France increases a rider's probability of reaching a position among the top 25 riders by more than 20 percentage points and reduces the probability of giving up by around 16 percentage points. In general, the result contradicts previous findings in team sports such as football where the home advantage is highly relevant. This is however no real surprise as in the Tour the individual's and not the nation's success is important and honored. In the reference group is: PRO 0-5 YEARS, NOT A TEAM LEADER, FRANCE. RANKING: the higher the value, the lower the performance. Significance levels: * 0.05 < p < 0.10, ** 0.01< p < 0.05, *** p < 0.01. In the reference group is: PRO 0-5 YEARS, NOT A TEAM LEADER, FRANCE. RANKING: From 1-5 (5= ranking 1-25, the higher the value, the better the performance). Significance levels: * 0.05 < p < 0.10, ** 0.01< p < 0.05, *** p < 0.01. Marg. 
PERFORMANCE IN THE TIME TRIALS AND THE MOUNTAINS
In the next two subsections we investigate different components of the Tour de France. We find that a good performance in the first time trial tends to be repeated in the second time trial, and that good results in the time trials are in line with good performances in the mountains. It is a race against the clock that helps to distance other cyclists. In the prologue, riders started in a time interval of one minute, following the order set by the race organizers and the team managers. In Bourg d'Oisans, most of the cyclists started at a 1 minute interval, the last ones at a 2 minute interval, the starting order being the reverse of the general ranking established in stage 15. Finally, in Besançon cyclists had a 2-minute interval (3 minutes for the last starters), starting also in the reverse order of the ranking at the end of stage 18. Table 3 indicates that the time trial one has the strongest correlation with the final performance. This mountain time trial, with a 13.8 km ascent (7.9 % inclination) covering 1130m of altitude (www.letour.com) attracted more than a million spectators, as previously mentioned. The time trial one also explains around 73 percent of the total variance of the final ranking position 7 . Table 4 and 5 present the results. In general, the results obtained using the performance of the time trial one as dependent variable are in line with the final ranking.
Strong performances in previous Tours correlates with a strong performance in the time trial.
The marginal effects are lower compared to the final classification, but the quantitative effects with marginal effects of 2.8 percentage points cannot be disregarded. The impact decreases in time trial two to 3.4 percentage points, which is on the border of significance, and gets statistically insignificant in the prologue.
Youngsters (0-5 years pro) also perform better than the other professional riders (especially those who have been professionals for more than 11 years). Being in this category rather than in the reference group reduces the probability of reaching a position among the top 25 by 9.2 percentage points. Similarly, the differences between the groups decrease in the time trial two and especially in the prologue. Being a team leader increases the probability of being classified in the top 25 in the mountain trial by not less than 34 percentage points. Such high marginal effects are obtained in all time trials (15.9 percentage points in the prologue and 36.7 percentage points in time trial two). The beta coefficients also indicate a strong relative impact of the variable TEAM LEADER. Thus, team leaders perform very strongly in the stages in which they act independently. This might partly be due to their protected role in the other stages, which allows them to save energy and thus perform better in the time trials.
Interestingly, only in the mountain time trials a high BMI value has a statistically significant negative impact on the performance. An increase in the index by one point reduces the probability of a top 25 classification by 5.3 percentage points. Thus, the physical precondition is highly relevant in the mountain time trial. We would also predict that a lower BMI should affect the total performance in the mountains.
Previous experiences at the Tour de France only matter in time trial two (longest one, classic time trial profile). An increase in participation by one unit raises the probability of reaching the top 25 positions by 2.3 percentage points. NOTES: In the reference group is: PRO 0-5 YEARS, NOT A TEAM LEADER, FRANCE. RANKING: the higher the value, the lower the performance. Significance levels: * 0.05 < p < 0.10, ** 0.01< p < 0.05, *** p < 0.01. 
PERFORMANCE IN THE MOUNTAINS
The most difficult parts in the Tour are the mountains, as they require high efforts. They allow individuals to distance themselves from others. A bad day or a moment of weakness in the mountains has a different magnitude of importance than in other stages. It can be decisive for being successful at the Tour. Table 3 indicates a strong correlation between the performance in the mountains and the final ranking (lower as in the time trials one and two, but with 0.635 still very high). As a proxy we use the ranking in the climber classification. At each summit of a hill or each pass points are attributed. The higher the category of the ascent, the more points for crossing first the line at the top of the mountain. The general classification is calculated by adding all points together. Only 69 cyclists were able to obtain points in the mountains. To maintain the number of observations in the estimations, all other riders have been placed at the ranking position 70 in the OLS estimations and in the lowest category in the ordered probit estimations (see Table A1 in the Appendix).
Tables 6 and 7 present the results. In line with our expectations, a lower BMI leads to a better performance in the mountains. While Table 6 indicates the largest beta coefficients, Table 7 shows that one unit increase in the BMI reduces the probability of belonging to the top 25 climbers by more than 3 percentage points. Team leaders also perform better in the mountains. On the other hand, the coefficient TOP20 shows the lowest performance impact across all the different dependent variables, being only statistically significant in 3 out of 8
estimations. There is also the tendency of a better performance of the youngsters compared to the other riders. However, the difference is statistically significant in one estimation only. It is also interesting to observe that regional differences are less obvious in the mountains than in the final ranking and the time trials. There is the tendency that Spanish and USA riders perform better than the French cyclists, but the coefficient is not statistically significant in all estimations. On the other hand, riders from AUSTRALIA and NEW ZEALAND have more difficulties to perform in the mountains compared to the reference group; this result is statistically significant in 6 out of 8 estimations. In the reference group is: NOT IN THE TOP20 IN PREVIOUS YEARS, PRO 0-5 YEARS, NOT A TEAM LEADER, FRANCE. RANKING: the higher the value, the lower the performance. Significance levels: * 0.05 < p < 0.10, ** 0.01< p < 0.05, *** p < 0.01. 
TEAM EFFECTS ON THE FINAL RANKING IN THE TOUR DE FRANCE
Teamwork has been intensively analyzed in labor economics. Teamwork is desirable, as it allows to realize gains from complementarities in the production and facilitates gains from specialization by accumulating task-specific human capital, which may be valuable to other team members (see Lazear, 1998) . Hamilton, Nickerson & Owan (2003) find that the composition of the team has a strong impact on its productivity. However, empirical studies are still rare, due to the difficulties to obtain data (see Idson & Kahane, 2000) . Our data set allows to investigate the impact of team colleagues on riders' performance. Idson & Kahane (2000) developed an interesting approach to investigate empirically the impact of coworkers on individual productivity and on salary determination in the National Hockey League. They develop a proxy that measures the quality of players around any individual player i. In the reference group is: PRO 0-5 YEARS, NOT A TEAM LEADER, FRANCE. RANKING OLS: the higher the value, the lower the performance. Ordered Probit: from 1-5 (5= ranking 1-25, the higher the value, the better the performance). Significance levels: * 0.05 < p < 0.10, ** 0.01< p < 0.05, *** p < 0.01.
CONCLUSIONS
In recent years, we have been observing a strong expansion of economics to 'non-market topics'. Sportometrics, a sub-field in this area, is a promising line of research for the future. Contrary to many other previous papers on sport, we take into account that cyclists are heterogeneous, i.e. they have different abilities and physical conditions. We include therefore several categories of independent variables: strength, experience, position in the team (team leader), physical condition and cultural background (country/region).
The results indicate that top performances in previous Tour de France events lead to a better performance in the present and reduce the probability of giving up the race. Historical top final performances are also correlated with a strong performance in the time trials, but not consistently with the performance in the mountains. Being a team leader also increases the probability to reach the best 25 positions. However, considering all the riders who participated reduces the impact. Not less than 1/3 of all team leaders gave up the race before reaching the final stage in Paris, which indicates that team leaders act to "win the mare or lose the halter".
Physical conditions have a strong impact on riders' performances. A higher BMI value is connected with a lower final ranking at the Tour de France. It increases the probability of giving up. The BMI is also highly relevant for the mountain time trial and the mountains, but has no impact on the performance in the regular time trial and the prologue. We also observed a strong performance of the youngsters, especially compared to the older riders. The results imply that being successful at the Tour requires specific abilities (e.g., good all-rounder).
Thus, more experienced professionals have no general comparative advantage. Specific skills seemed to be more important for success than just experience, which allows young riders to perform at a high level. We also found that some countries/regions perform better than others.
Taking into consideration all the dependent variables, cyclists from USA, Spain, Germany,
The differences between nationals/regions are the smallest in the mountain performances. Without any doubt, the economics of cycling has a future and will allow to investigate many interesting topics. 
